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MEMORANDUM

SUBJECT: Superfund Technology Transfer Documents
T el o Ll
FROM: Donald C. White, Chief
Technology and Community Relations Branch
Hazardous Response Support Division

TO: Addressees

Attached is a recent technical report prepared by EPA's
Office of Emergency and Remedial Response entitled Mobile
Treatment Technologies, EPA 540/2-86/003(f). This report
reflects the latest information on this important topic.

With the enactment of the Superfund Amendments and Reauthor-
ization Act of 1986 we are developing an improved technology
transfer program. This program will be designed to notify users
of the availability of technology information, summarize this
information for quick review, and allow easy access to copies of
detailed technical reports. We are developing a mailing list
which will enable us to send various documents to appropriate

‘ogganizations and user groups. Summaries and abstracts will also
be distributed to announce the availability of new reports. 1In
addition, the mailing list will be used to announce upcoming
seminars, workshops and other events.

This document is among the first to be distributed through
| — our expanded technology transfer program. Actual distribution
‘ will occur through the Office of Research and Development's
Center for Environmental Research Information (CERI). Also,
copies of this document will be housed in EPA's Headquarters,
Regional Office and ORD laboratory libraries. This document

is also available from NTIS; the access number is PB 87-110656.

Another document which is currently available from both CERI
and NTIS is Treatment Technology Briefs: Alternatives to
Hazardous Waste Landfills, EPA/600/8-86/017. The NTIS access
number is PB 87-110680.
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ABSTRACT

The use of mobile technologies to treat wastes at CERCLA-regulated (i.e.,
Superfund) sites is becoming more common. One reason for the increased
focus on mobile systems is the developing concern about the long-term
environmental risks associated with containment-based methods of waste
disposal. Particularly for large quantities of wastes (e.g., soils),
mobile units may be more practical than shipping wastes off site. A second
reason is that commercial application of many fixed and mobile systems at
RCRA sites is sufficiently developed so that technology transfer to
Superfund sites is possible.

This document addresses the use of established and developing mobile
systems to treat Superfund wastes. The capabilities and limitations of
five broad treatment categories, and specific technologies under each
category, are discussed in the following chapters:

o Chapter 1 -- Introduction includes background information on mobile
systems, past and present use, future applications, planning
considerations in system use and an overview of document
organization.

o Chapter 2 —- Thermal Treatment describes the use of various
incineration, pyrolysis and wet oxidation processes as mobile units
to treat Superfund wastes.

o Chapter 3 -- Immobilization focuses on cement-based or
pozzolan-based fixation processes and discusses their potential use
on Superfund wastes.

o Chapter 4 —- Chemical Treatment addresses waste treatment via
reduction-oxidation (redox), neutralization, precipitation and
dechlorination.

o Chapter 5 -- Physical Treatment discusses a wide variety of

processes that physically separate different components of a single
phase or multiple phase waste.

o Chapter 6 —- Biological Treatment describes the capabilities of
aerobic processes, anaerobic processes, and in situ biodegradation
in treating Superfund wastes on site.

This document was submitted in fulfillment of VERSAR EPA Contract No.
68-01-7053, CDM Subcontract No. 939-4, Work Assignment No. 11, by CDM,
under the sponsorship of the U.S. Environmental Protection Agency.
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Environmental Protection Agency’s admininstrative review policies and
approved for presentation and publication. Mention of trade names or

commercial products does not constitute endorsement or recommendation for
use.
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EXECUTIVE SUMMARY

Mobile treatment technologies have many applications to the treatment of
wvastes at many sites governed by the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) or Superfund. This document
focuses on use of both established and developing mobile systems to treat
Superfund wastes. The goal of presenting this information is to guide
policy planners, on-scene coordinators and remedial project managers in
implementing mobile treatment systems to clean up abandoned hazardous waste
sites.

This report has been designed to provide information on the status of
mobile treatment and the application of mobile treatment systems at
Superfund sites. Both the public and policymakers are becoming more aware
of the long-term environmental risks associated with using a
containment-based strategy (e.g., landfills, site capping) to dispose of
Superfund waste. Hence, there is a greater emphasis on the use of
alternative technologies at Superfund sites.

Utilization of mobile treatment systems requires an understanding of the
capabilities and limitations of these systems. Important technology
information includes the following:

Technical basis of the process,
Types of waste a unit can handle,
Restrictive waste characteristics,
Requirements for use on site,
Potential environmental impacts,
Cost, and

Commercial availability.

0O 00 O0O0O0OOo

This document presents an overview of technologies currently available for
use as mobile systems and technologies that have potential application to
treatment of wastes on Superfund sites. Each section addresses a general
treatment category and describes available and developing technologies
within that category. Each of the topics listed above is discussed.

The information on technologies represents a synthesis of background
technical information and information supplied by vendors. Detailed
information supplied by vendors on particular mobile systems is compiled in
a supplemental document, Superfund Treatment Technologies: A Vendor
Inventory (EPA, 1986).

New developments are occurring rapidly in the field of mobile treatment
systems. For additional, up-to-date information contact:

o EPA Office of Research and Development
Hazardous Waste Engineering Research Laboratory
26 W. St. Clair
Cincinati, Ohio 45268

o Individual vendors of specific systems listed in the appendix and
the Vendor Inventory.



1.0 INTRODUCTION

1.1 BACKGROUND

Mobile waste processing systems are presently employed to treat some
hazardous wastes regulated under the Resource Conservation and Recovery Act
(RCRA). Mobile treatment systems also have application to the treatment of
wastes subject to the Comprehensive Emergency Response and Liability Act
(CERCLA), often called Superfund. The opportunity for technology transfer
(from RCRA to CERCLA) and the increased need for mobile systems to treat
Superfund wastes is the focus of this document.

Mobile treatment systems usually consist of modular equipment that can be
brought onto a site (e.g., by truck or railcar) and can be transported to a
number of different sites over the life of the equipment. Size and
configuration of the equipment may differ considerably from the
conventional equipment used in permanent structures. In general, the
equipment is smaller than conventional equipment in order to allow
over-the-road mobility. However, one large piece of equipment may be in
several parts on separate trucks, trailers or railcars. The equipment may
also consist of several removable components in order to accommodate the
needs of different sites. Mobile treatment systems may be skid-mounted,
prepiped and prewired for fast response to emergency situations or they may
require assembly on site before operations commence and disassembly prior
to transporting to another site. Because some systems require assembly and
auxiliary equipment on site, mobile treatment systems are often referred to
as "transportable", instead of "mobile."

Mobile systems show considerable promise for remedial activities at
Superfund sites. These technologies can provide a permanent solution with
many advantages over alternatives involving offsite transport and disposal.
Vhile the experience base is somevhat limited, interest in mobile systems
is rapidly growing. The number of vendors offering viable systems has
increased dramatically in recent years.

This document presents a review of treatment technologies that may be used
as mobile systems and discusses those technologies that vendors are
developing for use as mobile systems in the next few years. Waste
characteristics, environmental impacts, costs (if available) and other
development and implementation factors were considered in assessing the
potential role of these mobile systems.

Specific information on the capabilities of numerous mobile systems have
been supplied by vendors. This information has been compiled, and is
available for reference (Superfund Treatment Technologies: A Vendor
Inventory (EPA, 1986)). The Vendor Inventory contains vendor-supplied
summaries of mobile unit capacity, availability, and performance, as well
as limited cost data. These companies are listed in the technology
reviews provided in this document, and contacts are listed from whom
further information can be obtained. The companies are also listed in the
Appendix to this document.
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1.2 PAST AND PRESENT USE

The concept of using mobile treatment systems to process water and wastes
is fairly well-established. The United States military has developed and
used mobile water treatment units for providing potable water and for
treating sewage. Additionally, many conventional wastewater treatment
systems have been modularized to the extent that small-scale systems can be
practically considered transportable (e.g., equipment on oil rigs, ships,
and airplanes).

The application of the mobile concept to uncontrolled hazardous vaste sites
is also not nev. Under EPA sponsorship, mobile equipment has been
developed for emergency response and used to contain, collect, and in some
cases, provide preliminary treatment of accidentially released hazardous
materials and contaminated groundwater. The types of mobile equipment that
have been developed by the EPA for emergency response include:

o A carbon adsorption/sand filter system,

0 A rotary kiln incineration systenm,

An in situ containment/treatment unit (ISCTU),

A soil washer systenm,

An activated carbon regeneration system,

A flocculation-sedimentation system,

A reverse osmosis (RO) treatment system, and

An independent physical/chemical (IPC) wastevater treatment system.

© 0000 oOo

Some of the systems listed above are not fully developed or have not yet
been field-tested. Some of the systems and their status are discussed
later in the appropriate section. '

Experience with use of mobile systems at Superfund sites is limited but the
concept has been or is being incorporated for both remedial response and
vaste removal. Some past, planned, and ongoing activities involving mobile
Systems at uncontrolled hazardous wastes sites are described in Table 1.1.

In spite of the increased use of mobile treatment systems for both
emergency responses and remedial actions at hazardous waste sites, many
factors have contributed to the limited application of mobile systems at
Superfund sites. These factors include:

o Lack of knowledge concerning mobile units,

o Ready availability of land disposal alternatives,

0 Generally higher costs and longer periods for development and
operation for alternative technologies,

o Developmental nature of some technologies,

0 Local institutional issues of concern, and

o Limitations of capacity, materials handling or process
characteristics which prevent the mobile concept from being a
"total solution."

The restrictive characteristics of specific mobile technologies are
discussed in subsequent sections of this document.

1-2




Site

Bridgeport, NJ

Bruin Lagoon, PA

Florida Steel

General Refining,
GA

Kent, WA

Lee’s Farm, WI

Love Canal, NY

TABLE 1.1

TO MANAGE CERCLA HAZARDOUS WASTES

Status1

Completed
(remedial)

Completed
(remedial)

Demonstration
completed

Ongoing

(removal)

Ongoing

Ongoing
Preparation of
demonstration

Demonstration
completed

Status as of August 1986

On-site, stationary unit

McKin, NH

1.

2. On-site, mobile unit
3.

4,

Off-site unit, potentially mobile

Vaste Type

Aqueous waste containing
volatile organics

Acid asphaltic sludges

Soil containing PCBs

Sludge containing
sulfuric acid, oil,
metals; filter cake
containing organics,
metals

Waste oil containing
dioxins

Soils containing lead

Leachate containing

dioxins

Sandy soils containing
volatile organics

1-3

PARTIAL LIST OF ALTERNATIVE TREATMENT METHODS USED

Treatment Technology

Phase separation, air
stripping, carbon

adsorption, sludge
devatering
Immobilization2

Thermal destruction
by pilot—sca}e infrared
thermal unit

Solvent extEaction

- of organics

Chemical destruction/
precipitation of
dioxins using K/PEG
(potassium/polyethylene
glycol)

Soil_,washing to remove
lead

Thermal destructio
by plasma arc unit

Enclosed thermal soil
aeration followed by
carbon adsorption of
gases and cement
immobilizatiop of
treated soils
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Site Status

Montana Pole, MT Completed
(removal)

Outboard Marine Demonstration

Corp., IL completed

Peak 0il, FL Demonstration
completed

Peak 0il, FL Negotiations

in progress

Sylvester, NH Ongoing
Tibbett’s Road, Preparation
NH for removal
Times Beach, MO Demonstration
g completed
g Western Completed
Processing, WA
Verona Well Ongoing

Field, MI

2. On-site, mobile unit
3. On-site, stationary unit

TABLE 1.1 (CONT’D)

Waste Type

Diesel fuel (recovered
from groundwater)
containing pentachloro-
phenols (PCPs) and
dioxins

Sediments containing
PCBs

Soil containing PCBs

Soil containing PCBs

Groundwater containing
organic and metals

Soil containing dioxins

Soil containing dioxins

0il containing dioxin
(120 ppb)

Groundwater containing
volatile organics

4. Off-site unit, potentially mobile
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PARTIAL LIST OF ALTERNATIVE TREATMENT METHODS USED
TO MANAGE CERCLA HAZARDOUS WASTES

Treatment Technologz

Chemical destruction/
precipitation of PCBs,
dioxins using K/PEG
(potassium/polyethylene
glycol)

Low-temperature gas
extraction of organics

Thermal destruction by
pilot-scale infrared
thermal unit

Thermal destruction by
pilot-scale infrared
thermal unit

Precipitation followed
by air stripping and
incineration of
emissions; tertiary
biological treatment

for discharge to stream;
sludge dewateging and
encapuslation

Thermal destruction by
pilot-scale infrared
thermal unit

Thermal destruction by
pilot-scale infrared
thermal unit

Thermal destruction by
pilot-scale infrared
thermal unit

Air stripping followed
by carbon adsgrption
air emissions
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1.3 FUTURE USE

Land disposal of hazardous waste is becoming less acceptable as a means of
managing uncontrolled hazardous vaste sites. Congress, EPA and the public
are realizing that land disposal does not offer a final solution to the
hazardous waste problem —- rather than providing a method of treatment,
land disposal often provides only temporary containment. As a result, many
wastes will be restricted from land disposal within the next five years.
Developing alternatives to land disposal is therefore imperative.

Readily available mobile onsite treatment may be preferable to treatment at
offsite stationary facilities because of the elimination of high
transportation costs for large quantities of waste. Stationary commercial
facilities may not have adequate capacity for these wastes. Also, risks to
public health and the environment may be decreased for a site response
because hazardous materials are not transported off site. As wastes are
treated on site rather than moved to other locations, the problem is
resolved at the source.

The number of mobile systems available or under development has increased
substantially in the past year (see Superfund Treatment Technologies: A
Vendor Inventory, EPA, 1986). The availability of mobile systems should
continue to increase rapidly over the next few years, based on the number
of vendors who have expressed interest in developing mobile systems to meet
the needs of Superfund.

A lack of data pertaining to mobile treatment systems is limiting the use
of these methods. As more systems are developed and used, information on
their cost and reliability will continually improve. The availability of
these data will further stimulate mobile treatment use.

There are a number of impediments to development and commercial use of
mobile treatment systems as well as fixed alternative treatment methods.
Some of these impediments are listed below:

o Substantial delays and cost increases resulting from complicated
procedures for environmental permitting,

o The shortage of reliable and comparable technical performance
information and standardized cost data,

o Uncertainties in scale-up of designs from bench- or pilot-scale,

o Uncertainty in the performance and treatment standards for many
pollutants,

o Difficulty in obtaining liability insurance to cover operational
risks during development and testing of various technologies,

o Potentially responsible party (PRP) concerns about liability in the
event of innovative technology failure,

o Hesitation by states to use innovative technologies given the
perceived uncertain reliability of such technologies, and

1-5
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o Tendency of concerned communities surrounding Superfund sites to
prefer remedial alternatives that remove all hazardous substances to
a management facility that is far from the site. Innovative onsite
technologies may, therefore, appear less attractive from the
adjacent community’s point of view.

In spite of these impediments, options are being considered, and in some
cases, used to remove impediments or create incentives to promote
development of innovative mobile technologies.

For example, amendments to CERCLA now pending may solve the potentially
response party (PRP) concerns about liability by allowing EPA to indemnify
those participating in cleanups. In addition, state support for mobile
systems is increasing. 1Illinois has requested bids for mobile incineration

systems. New York currently owns a pyrolysis (plasma arc) system and will
be testing it soon at Love Canal.

Many fixed technologies are currently available and are used by a number of
large industries for RCRA wastes. Modifications of these units (i.e.,
smaller sizes and modular construction) to accommodate mobility could
probably be accomplished in a relatively short time (less than six months).

1-6 -




1.4 PLANNING CONSIDERATIONS

Mobile treatment systems can be designed and operated to handle almost any
waste type processed by permanent units. However, the limited experience

in the use of these systems necessitates a very close assessment of their

applicability, design, and operation on a case-by-case basis.

There are many planning considerations which must be incorporated into an
assessment of the viability of mobile systems for a particular site. The
direction provided in EPA guidance documents on planning remedial
investigations and feasibility studies is very useful in this assessment.
Some of the more critical planning considerations are:

Waste characteristics,

Site constraints,

Potential environmental impacts,
Costs, and

Technology support requirements.

OO 00 0oOo

Each of these factors is addressed below.

It is important to note that the type and quality of data needed to make
assessments of the feasibility of utilizing a particular mobile treatment
system often are not available from the initial remedial investigation.
Generally, the initial data on site contamination was collected for the
purposes of assessing the health risk to the local population. These data
are not usually sufficient to assess waste treatability. Therefore, the
data required to assess treatability should be considered when determining
data collection objectives for the remedial investigation.

This extra effort and expense can be reduced if initial data collection
objectives and treatability data requirements are considered during the
planning stages of a remedial investigation/feasibility study.

Waste Characteristics

It is important to identify and assess both favorable and restrictive
characteristics of wastes with respect to each treatment system. Examples
of characteristics to consider in selecting a treatment system are:

o Waste variability and requirements for treatment performance. Some
technologies can handle a wide range of waste characteristics with
consistent treatment performance while others are more susceptible
to variable waste conditions.

o Non-toxic waste components. Operational problems such as fouling
and plugging of equipment can result from otherwise innocuous
components such as iron, suspended solids, and naturally occurring
organic material.

o Need for pretreatment. Some wastes may require a more elaborate

treatment process while others may be treated by a less capital
intensive treatment process such as fixation/solidification.

1-7
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Each mobile technology review presented in the following chapters
identifies the waste types that can be processed with that unit.
Restrictive waste characteristics, (i.e., waste types or forms that may
interfere with efficient operation) are identified. Requirements for both
pretreatment and post treatment are discussed.

Site Preparation

Manufactors need to be considered in evaluating the appropriateness and
implementability of onsite treatment. These factors are listed below.

o Impact on the local community,
0 Protection of the equipment from vandalism or theft,

o Existence of adequate electric utilities, water supply and
sewer lines,

0 Roads for large trailer accessibility,

0 Slope stability of the land,

o Soil conditions,

o Location of flood plains, and

o Local zoning ordinances.

Mobile treatment systems should rely as much as possible on existing
utilities in order to speed up implementation and to prevent unnecessary
capital expenditures on auxiliary equipment. Site preparation required to
operate a mobile system may include:

Access roads,

Concrete pads for equipment,

Accidential spill control and staging, and
Connections to public utilities.

© o0 0o

Potential environmental impacts, reviewed in the next section, must also be
weighed in the equipment siting decision.

Potential Environmental Impacts

Environmental impacts are an important consideration with regard to mobile
systems. As stated earlier, mobile systems offer several advantages over
offsite stationary facilities, such as eliminating waste removal and
transportation risks. The advantages over containment technologies has
also been noted. However, onsite remediation activities may pose risks to
the surrounding population and local environment. Federal, state and local
regulations for environmental protection must alwvays be carefully
considered for their applicability to the action being evaluated. The way
in which such requirements are implemented is particularly important in
obtaining community support for more innovative alternatives, such as
mobile treatment.

Air pollution can be a major concern for incineration systems and air
stripping systems. Hazardous constituents must be identified and their
transport away from the facility anticipated under worst-case situations
(e.g., stagnant air and thermal inversions).

1-8
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Road construction and intensive activity on site may create additional
pollution problems such as airborne particulate dust, surface runoff and
erosion. These emissions of fugitive dust are of particular concern if
disturbed soils are contaminated.

Noise generated during waste treatment or during equipment transport may be
disturbing to nearby residents.

State and local regulatory authorities and local citizens groups will often
expect full evaluations of environmental impacts to air, water and the
local environment.

Every effort should be made to minimize these impacts by selecting the
proper location for the mobile units and by following good engineering
practices. Health and safety of workers and nearby residents must be

considered and sufficient precautions should be incorporated into the

remedial program design.

Residuals generated by the selected treatment process must be handled in an
environmentally safe manner in order to minimize potential impacts.
Concentration and quantity of residuals must be assessed early in the
selection process so that proper treatment and/or disposal can be
incorporated into the overall process. Extensive requirements or
restrictions with respect to residuals for one treatment process may make
the use of other treatment technologies more favorable. Adequate
allowances of time should be made for a thorough evaluation of regulatory
requirements.

Costs

The cost of implementing mobile treatment technologies is also important in
determining the preferred alternative. There are some major cost concerns
vhich may affect the selection of one technology over another.

First, with all alternatives, capital, operating and maintenance costs must
be carefully reviewed to assess the economic impacts to the remedial
program.

In addition, many mobile units have not been previously utilized at
Superfund sites. Some units may have been used to treat only
RCRA-regulated waste. Therefore cost information, if available, may be for
site conditions or waste stream characteristics that are much less variable
than those found at Superfund sites. Waste-specific characteristics can
greatly affect the costs of a remedial program and efforts to provide
detailed cost estimates for these technologies must usually be made on a
case-by-case basis.

Technology Support Requirements

The use of specific mobile treatment systems should include an assessment
of support requirements, including the following:

o The utilities required (e.g., electricity, water, wastewater, fuel,
cooling) for system operation;

1-9




rer—— d—

151413

o The availability of utilities at the site and the services required
for the treatment system (e.g., laboratory, maintenance); and

o The extent of training required for the operating labor force. 1In
general, the labor force for a mobile treatment system used at a
Superfund site will require more training because the monitoring
requirements for the process operation will be more intensive than
for permanent treatment systems or for non-process alternatives.

1-10




1.5 DOCUMENT ORGANIZATION

Format Summary

The material presented in this document is structured to provide project
planners, on-scene coordinators (0SCs) and remedial project managers (RPMs)
with information on the applicability and capabilities of mobile treatment
as an alternative to land disposal of contaminated materials. A uniform
format was developed for the presentation of the alternative mobile
technology review presented in subsequent sections of this document. This
format is summarized in Table 1.2.

The level of detail provided for each mobile technology review depends on
the state of development and availability of information. While the
principal focus has been on mobile systems that have a more proven

"track record", other developing mobile technologies have been included as
appropriate. Because all technologies discussed are not at the same stage
of development, the text presentation on some methods may vary from the
format summarized in Table 1.2.

Overview of Technology Selection

A technology matrix (Table 1.3) is included in this section to provide a
cross reference for matching potentially applicable mobile technologies
with general waste types. This matrix is only a guide for general
technology applications and should not be used to specify a particular
treatment technology for a specific waste stream or material without
extensive review of that application.

The inclusion of the mobile treatment technologies discussed in the
following chapters was based on the extent of application of each
particular technology to RCRA and CERCLA wastes. If the data are limited
on CERCLA waste applications, then application on RCRA vastes was reviewed
to determine the feasibility of treating similar CERCLA wastes.

Limitations in Technology Selection and Transfer

There are some important differences and limitations in transferring
technologies from RCRA to CERCLA wastes, although both waste types can be a
mixture of contaminants. The specific limitations associated with
technology selection for CERCLA waste treatment are summarized in the
following paragraphs.

Wastes that are mixed in composition and/or contaminant concentration are
more difficult to treat because one specific technology may not be suitable
for all waste types and concentrations contained within the mixture.
Several technologies applicable to uniform RCRA wastes are very sensitive
to changes in the feed composition and concentration, wvhich can reduce
effective contaminant removal. Thus, CERCLA wastes which are highly
variable must be processed carefully.
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TABLE 1.2

MOBILE TECHNOLOGY DESCRIPTION:
FORMAT SUMMARY

Process Description:
One to two paragraph description to include process diagram, status
(full-scale versus pilot-scale), normal operating conditions, and
auxiliary controls.

Vaste Type Handled:
Wastes processed by this system (e.g., sludge, soil, air, water,
contaminated with phenolics, metals) and other waste characteristics
(e.g., pH, concentration).

Restrictive Waste Characteristics:
Waste types not suitable for treatment, characteristics of waste (with
concentrations) that may be incompatible with treatment method.

Required Onsite Facilities/Capabilities:
Size and configuration of units, site preparation, labor force,
utilities (e.g., electricity, vater, fuel, cooling) and services (e.g
lab, maintenance facilities).

Environmental Impacts:
Air pollution considerations, residuals treatment or disposal, road
construction, health and safety.

Costs (if available):
Capital costs of typical units, operation and maintenance costs (e.g.,
electricity, fuel).

Commercial Applications:
Vendors with commercially available systems or units under development.
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The variability in CERCLA wastes may be a result of a number of factors,
including:

o The synergistic reactions that occur between codisposed waste types
or between vastes and naturally occurring organic compounds. The
result of these interactions may be changes in physical and chemical
properties that significantly affect treatment removal efficiencies.
Certain contaminants or naturally occurring organics (e.g., humic
substances and fulvic acid compounds) may interfere with the
separation and/or dilution process for the contaminants of concern.
These synergistic effects are not well understood.

o The natural processes that occur over time such as waste percolation
through soils, distribution and transport due to rain. These
processes may result in varying contaminant concentration vertically
and/or laterally within a Superfund site which makes waste
extraction and treatment more difficult.

In summary, transfer of treatment technologies from RCRA wastes to CERCLA
vastes is complicated by the variable nature of CERCLA wastes. Therefore,
use of a mobile treatment technology at a particular Superfund site may
require extensive laboratory and/or pilot scale treatability studies to
assess the specific application of a treatment technology to wastes of a
particular composition.

Technology Summary

A summary table of the mobile treatment technologies (Table 1.4) is
included to provide an overview for comparison of the particular
technologies. More information on each mobile treatment technology is
detailed in the following sections.
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TABLE 1.4
SUMMARY DATA ON MOBILE TECHNOLOGIES

Primary Waste Immobilization/ Further Relative
Mobile Types Treated Removal/ Air Emissions Treatment/ Estimated costs
TECHNOLOGY Unit Destruction Decrease in or Residues Management
Status Class Form Capability Waste Volume Generated Required Capital O&M
THERMAL TREATMENT —
Incineration
Rotary Kiln Commercial O S,L Very High High A,L,S Inorganics in ash/landfill High High
Liquid Injection Commercial O L Very High High AL,S Inorganics in ash/landfill High High
Fluidized Bed/
Circulating Bed Pilot o S,L Very High High AL,S Inorganics in ash/landfill High High
Infrared Pilot [o] S,L Very High High AL,S Inorganics in ash/landfill High High
Pyrolysis
Plasma Arc Pilot o L Very High High AL Inorganics in ash/landfill High High
Advanced Elec. Reactor Pilot o S,L Very High High A,L,S Inorganics in ash/landfill High High
"Wet Oxidation"
Supercritical Water
Oxidation Pilot o L,GW Very High High A,L,S Inorganics in treated stream High High
Wet Air Oxidation Commercial O L High Moderate L Inorganics/organics in High High
treated stream
IMMOBILIZATION
Fixation/Solidification
Cement-based Commercial I S High Increase A Landfill Low Low
Flyash or Lime-based Commercial I S High Increase A Landfill Low Low
Asphalt-based Pilot I dry S High Increase A Landfill Medium Medium
—
o REMOVAL TECHNOLOGIES
[Sa]
Chemical
oxidation-Reduction Commercial 1,0 S,L,GW Moderate Moderate A,S Dewatering/Landfill Low Medium
Neutralization Commercial 1,0 s,L,GW High Moderate A,S Dewatering/Landfill Low Medium
Precipitation Commercial 1 L,GW Moderate High -] Dewatering/Landfill Low Medium
Dechlorination Commercial o] L,S High High L,S Landfill Medium High
Physical
Distillation Commercial O L,GW High High L Recycle/destruction High High
Steam Stripping Commercial O S,L,GW High High L Recycle/destruction High High
Phase Separation Commercial o,I s, L Moderate Moderate L,S Landfill/destruction Moderate Low
Air Stripping Commercial 0o GW,S High High AL Treatment of air emissions Low Low
Activated Carbon Commercial O GW Very High High L Carbon Regeneration High High
Clarification Commercial 1 GW,L Moderate Moderate L,S Landfill Low Low
Evaporation Commercial O,I L, High High L,S Landfill/destruction Low High
Soil Washing Pilot o,I S Moderate High L,S Washing Fluid Treatment Moderate  Moderate
Filtration Commercial - 4 GW,L,S High High L,S Dewater/landfill Low Moderate
Ion Exchange Commercial I GW Very High High L Recycle/destruction High Moderate
Membrane Separation Pilot o,I GW,L Very High High L Recycle/destruction High High
Biological Treatment
Aerobic Commercial O GW,L High Moderate L,s Dewatering sludge/landfill/
destruction Low Low
Anaerobic Commercial O GW,L,S High Moderate L,S Dewatering sludge/landfill Low Low
Emissions or Residues
Mobile Unit Status Waste Class Waste Form Removal Efficiency Generated Byproduct
Commercial = Full Scale/Operational 0 = Organic S = Solids/Sludge Very High — >99% A = Air
Pilot = Demonstration Scale/Operational I = Inorganic L = Concentrated Liquid High - 95% L = Liquid, concentrated
GW = Groundwater Moderate — 90% S = Solid

(low concentration)




2.0 THERMAL TREATMENT

2.1 INTRODUCTION

Thermal treatment is a term associated with the use of high temperatures as
the principle means of destroying or detoxifying hazardous wastes. There
are several thermal processing methods, some” of which are well-developed
and proven, others that are in the development stage. The three major
thermal processing modes with mobile applications are:

o Incineration,
o Pyrolysis, and
o Wet oxidation.

These thermal treatment methods are summarized here. More specific
information on their applications is given in the sections that follow.
Low temperature thermal volatilization (i.e., stripping) is discussed in
Section 5.3. '

Incineration involves the controlled combustion of organic wastes under net
oxidizing conditions (i.e., the final oxygen concentration is greater than
zero) and encompasses most of the well-developed thermal technologies. 1In
pyrolysis, thermal decomposition occurs when wastes are heated in an oxygen
deficient atmosphere. The process conditions range from pure heating
(thermolysis) to conditions where only slightly less than the theoretical
(stoichiometric) air quantity is supplied. Gases are the principle product
generated by the pyrolytic reaction although ash can also be generated.

Vet oxidation is a thermal processing mode in which organic materials are
broken down through the use of elevated temperatures and pressures in a
water solution or suspension. The processes that utilize the basic
principles of wet oxidation and have been applied to hazardous waste
treatment are supercritical water oxidation and wet air oxidation.

The incineration, pyrolytic, and wet oxidation processes used to treat
hazardous wastes that currently have the best potential for mobile
applications are listed below. The later sections that discuss these
processes are given in parentheses.

o Incineration
- Rotary Kiln (Section 2.2)
- Liquid Injection (Section 2.3)
- Fluidized Bed (Section 2.4)
- Infrared (Section 2.5)

o Pyrolysis
- Plasma Arc (Section 2.6)
- Advanced Electric Reactor (AER) (Section 2.7)

o Wet Oxidation

- Supercritical Water Oxidation (Section 2.8)
- Wet Air Oxidation (Section 2.9)

2-1
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Table 2.1 lists companies offering these proceses as mobile systems.
Though other firms are developing mobile systems, only those companies with
an operating mobile unit are listed. GA Technologies Inc. is included
since it is the only firm developing a mobile circulating fluidized bed.
Additional information is provided in the appropriate section under
commercial applications.

Thermal treatment in fixed facilities is frequently used to treat hazardous
wastes. The advantages of thermal treatment include:

Volume reduction,
Detoxification,
Energy recovery, and
Materials recovery.

© 0 0o

Thermal treatment offers essentially complete destruction of the original
organic waste. Destruction and removal efficiency (DRE) achieved for waste
streams incinerated in a properly operated thermal processes often exceed
the 99.99 percent required by RCRA for most hazardous wastes. Hydrogen
chloride (HCl) emissions are also easily controlled. Furthermore,
available air pollution control technologies can effectively address the
potential for particulate emissions.

The following sections discuss the general characteristics of mobile
thermal treatment systems and outline existing thermal treatment
technologies and their applications as mobile systems. Due to the nature
of hazardous waste treatment, modifications to these basic technologies are
continually developed. The information presented here gives the status of
existing hazardous, waste thermal treatment processes as documented in
current literature and may change as existing systems improve and new
systems are developed.

Required Onsite Fécilities/Capabilities

Because the required site preparation, equipment and utilities are similar
betveen thermal systems, a general discussion of these elements is provided
here rather than repeating the information for each thermal process.

Despite the fact that the basic technologies are the same as those used in
fixed facilities, there are several factors that need to be considered when
utilizing a thermal technology as a mobile or transportable system.

General considerations associated with mobile systems include:

Method of transport,

Ancillary support equipment,
Utilities,

Site preparation,
Mobilization/demobilization, and
Residuals/effluents.

©O O O 0o0oo

These factors are discussed in more detail below.

Method of Tranéport. The method of transport for thermal technologies
depends on the size and configuration of the mobile unit. For ease of

2-2
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(A Technologies Inc.

J.M. Huber Corporation

Modar Inc.

Shirco Infrared Systems Inc.

Waste-Tech Services Inc.

Vestinghouse Plasm Systems

Winston Technology

Zimpro Inc.

TABIE 2.1

MOBITE THFRMAL TREATMENT SYSTEMS

Vaste Types Handled

Circulating
fluidized bed

Advanced electric
reactor

Supercritical

water oxidation

incineration

Fluidized bed

Plasma arc

Rotary kiln

Wet air oxidation

Combustible wastes; soils

contaminated with combustibles

Organic—contaminated solids,

liquids, sludges, soil;

organics include PCBs, dioxins

Organic-contaminated solids,

liquids, sludges, soil

Organic—contaminated solids,
liquids, soil; organics in-
clude PCBs, dioxins, chemical

varfare agents

Organic—contaminated liquids

Organic-contaminated solids,
sludges, soil; organics in-
clude PCBs, dioxins; explosives

Organic-contaminated solids,

liquids, sludges, soil

Organic—contaminated liquids

Organic—contaminated solids,
liquids, sludge, soil; organ-

ics include PCBs

Organic-contaminated liquids,

sludges

Mobile System Status

Capacity

Demonstration-scale
system operating.

Full-scale systems
operating

Mobile system
under design

Pilot-scale system
operating

Pilot-scale system
operating

Pilot-scale
system operating

Demonstration-scale
system operating

Pilot-scale system
constructed

Full-scale systems
constructed

(awaiting trial burn)

Full-scale systems
operating

3000 1b/hr soils

35 MM Btwhr

solids to rotary kiln
10,000 1b/hr, liquids
to rotary kiln 3,000
1b/hr, liquids to sec.
comb. 4,000 1b/hr.

9 MM Btw/hr
10,000 1b/hr soil
600 1b/hr hydrocarbons

3000 1b/hr

30 gal/day of organic
material in an aqueous
waste containing 1-100%
organics

100 1b/hr

Not available

60 gal/hr

8MM Btu/hr

600 gal/hr
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transport, thermal units are generally designed to allow permit-free
hauling (i.e., meet federal and state weight and size restrictions) over
interstate highwvays via 45-foot long tractor trailers. Many pilot-and
demonstration-scale systems are contained on one tractor trailer.
Full-scale systems are generally mounted on multiple flat bed trailers.
Each trailer typically contains a major system component designed to be
interconnected. Depending upon the site location, other modes of
transportation such as rail or barge may also be considered.

Ancillary Support Equipment. Ancillary support equipment will depend
largely on the site and waste streams. Equipment that may be required for
onsite thermal treatment includes:

Bulk fuel storage tanks,

Waste storage, holding and blending tanks,

Liquid transfer and feed pumps,

Process water tanks,

Ash receiving drums,

Solids handling, preparation (if required) and feed equipment,
Analytical laboratory support, :

Personnel and maintenance facilities,

Wastewvater treatment facilities, and

Residue disposal equipment.

OO0 O000OO0O0ODO0OO0OO0

Utilities. The principle utilities that may be required for onsite thermal
treatment include:

0o Process water,

o Electrical power,
0 Steam, and

o Auxiliary fuel.

Because of the remote location of many sites, electrical power may not be
available. 1In that event, mobile systems can generally be equipped with
diesel generators for electrical power. Most mobile systems that require
steam utilize waste heat boilers to produce the steam on site. Process
water, if not available on site from wells or surface water, must be piped
on site or brought on site in tankers.

Site Preparation. Other site requirements for implementing a mobile
thermal system include:

0 Availability of an access road, particularly in remote locations;

o Graded, graveled area to set up the complete system;

o Concrete base or pads for certain system components (e.g., rotary
kiln);

o Spill control/containment measures; and

o Fencing to protect the site area from intruders and inadvertant

contact.

Many of these requirements also apply to other mobile technologies.

Consideration must also be given to providing access to and/or a means of
conveying the waste to the unit. This may require the use of conveyor belt

2-4
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systems, heavy field equipment (e.g., bulldozers, front end loaders) or a
liquid feed pump and piping system.

Mobilization/Demobilization. Equipment mobilization on site depends
largely on the complexity of the system (i.e., number of components
requiring field assembly). Full-scale systems generally require at least
one week to set up equipment. Multiple component systems such as rotary
kilns require several weeks. Smaller-scale (i.e., pilot, demonstration)
systems contained on a single trailer may require as few as several hours
to a day to set up. Demobilization can require as much time as
mobilization when equipment decontamination is necessary. The
decontamination that may be required ranges from operation with clean fuel
for a defined period to steam cleaning of equipment exteriors.

Residuals/Effluents. Mobile thermal treatment systems, like fixed thermal
facilities, may produce solid, liquid and gaseous waste streams. Solid
vaste streams result from the incombustible portion of the original waste
stream and are removed as bottom and fly ash. Liquid residual waste
streams are generated by wet air oxidation and supercritical water
oxidation processes, and also result if wet scrubbing systems are used in
air pollution control. Gaseous effluent results from the destruction
process and is discharged by a stack after treatment by the air pollution
control system.

Depending upon the original waste stream, process residual/effluents may
require further treatment. Disposal methods for common residuals are
presented in Table 2.2.
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Residual/Effluent

Ash/detoxified soil/solid
treatment residuals

Aqueous waste streams
(e.g., scrubber liquor,
separator bottoms)

0Off-gases

TABLE 2.2

DISPOSAL OF RESIDUALS

Disposal Method

Depends on cleanup goals and applicable or
relevant regulations (e.g., delisting); may
require further treatment (e.g., immobiliza-
tion) and/or disposal in secure landfill,
sanitary landfill, or on site.

Depends upon waste constituents; may be
discharged to nearby municipal or industrial
sever; or may require treatment (e.g.,
neutralization, precipitation/sedimentation)
on site or off site; if treated on site, need
to address disposal of residuals (see above).

Discharged through a stack after treatment by
air pollution control equipment to remove
particulates and acid gases. Oxygen (02) and
carbon monoxide (CO) concentrations are
continously monitored within the stack to
assure compliance with regulatory
requirements.
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2.2 ROTARY KILN INCINERATION

Process Description

Mobile rotary kiln incinerators are thermal treatment systems utilizing a
rotary kiln as the primary furnace configuration for combustion of solids.
The major components comprising a rotary kiln system typically include:

Solids feed system,

Rotary kiln,

Secondary combustion chamber or afterburner,
Air pollution control units, and

Process stack.

O 00 Oo0Oo

Process operation involves the introduction of wastes and auxiliary fuel
into the high end of a cylindrical, refractory-lined kiln. As they pass
through the kiln, wastes are substantially oxidized to gases and ash.
Operating parameters within a mobile kiln and typical ranges are:

Temperature: 1200°F - 1800°F
Residence Time: Seconds for gases; up to hours for solids

Residence times of the feed solids within any given kiln are controlled by
four factors:

Rotational speed of the kiln,

Inclination of the kiln,

Feed rate, and

Kiln internals (e.g., dams, chains, "bellys").

O 00 o0

Exhaust gases from the kiln enter a secondary chamber afterburner operating
at temperatures between 1400°F and 2400°F to complete oxidation of the
combustible waste. Prior to release to the atmosphere, exhaust gases from
the afterburner pass through air pollution control units for particulate
and acid gas removal. All of the existing mobile rotary kiln systems use a
scrubber as part of their air pollution control system.

Ash residue and solids are discharged at the bottom end of the kiln.
Depending upon the remaining contaminant levels, residuals may require
further treatment (such as solidification) prior to final disposal.

The application of rotary kiln technology in mobile systems is based on
extensive operating experience at fixed facilities. Operating experience
along with system configuration and processing characteristics (i.e.,
ability to handle waste in irregular physical forms including bulk solids
with :a high destruction efficiency) have established rotary kilns as a
suitable and practical candidate for use as mobile units. As of this time,
it is the only thermal technology with operating experience as a full-scale
mobile system.

A process flow diagram of a mobile rotary kiln incineration system is
presented in Figure 2.1.
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Waste Types Handled

Most types of solid, liquid, and gaseous organic wastes can be treated.
Containerized wastes and oversized debris are more difficult to handle in
smaller transportable size kilns than non-containerized wastes and
therefore must be processed to an acceptable size.

Particular wastes processed include:

PCBs,

Dioxins,

Soil contaminated with organics,
Halogenated organics,
Nonhalogenated organics, and i
Pesticides.

0O O 0 0 0o

Restrictive Waste Characteristics

Vaste characteristics that are not suited for mobile rotary kiln systems
include:

o High inorganic salt (e.g., sodium sulfate) content which cause
degradation of the refractory and slagging of the ash, and

o High heavy metal content which can result in elevated emissions of
heavy metals which are difficult to collect with air pollution
control equipment.

Oversized debris and drums must be crushed or shredded prior to feeding.

Spherical objects that may roll through the kiln before combustion is
complete require proper feed preparation. Explosive wastes or combustible
liquid wastes in large containers (e.g., drums) should not be processed
without special evaluation, hardware designs and operator training.
Eruption of these wastes can damage the kiln or harm operating personnel.

Environmental Impacts

Process residuals may include:

Bottom ash/soil,

Fly ash,

Scrubber liquor, and
Off-gases.

o o0 oo

Residuals may require further treatment depending upon the level of
contaminant remaining. Disposal methods for residuals/effluents are
presented in Section 2.1.

Costs
Capital costs of mobile rotary kilns will vary depending upon the system
design and size. However, in most cases, on site incineration will

probably be leased from and operated by enviromental service companies.

2-9
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Operating costs are dependent on the types of waste being destroyed and on
the site location. These costs are comprised principally of labor,
utilities, equipment, mobilization, decontamination, and demobilization,
and site preparation. Typical treatment costs for contaminated soil can
reportedly range from $150 to $500 per ton, again depending upon the waste
matrix, contaminants and heat value.

Commercial Applications

A large number of firms, as well as the EPA-ORD, are currently applying
rotary kiln technology as mobile systems. Mobile rotary kiln systems that
have been constructed to date have been investigated further. These firms
and agencies include:

o EPA-ORD

o ENSCO Environmental Services, Franklin, TN
o Winston Technology Inc., Lauderhill, FL
DETOXCO Inc., Walnut Creek, CA

o

Other firms in the process of developing mobile rotary kiln systems
include:

International Waste Energy Systems,

John Zink Services, Inc.

Rollins Environmental Services, and

Trade Waste Incineration - A Division of Chemical Waste
Management, Inc.

© 0 OO

EPA-ORD. The EPA-ORD has operated a mobile rotary kiln system with a
thermal capacity of 15 million Btu per hour, approximately one-fifth the
capacity of large, fixed industial installations. This unit has
successfully destroyed PCB wastes as well as a number of other RCRA-1isted
wastes. The ORD unit may be available for use at other CERCLA sites.

The EPA-ORD mobile system is self-contained on three semitrailers, each
equipped with air suspension systems for reduced road shock loads. The
first trailer carries a shredder, hydraulic ram feed system, and the rotary
kiln. The second trailer carries the afterburner or secondary combustion
chamber and a water quenching system. The third trailer contains a
particulate scrubber, a mass transfer scrubber, an induced draft fan,
process stack, and a diesel-driven generator. Proposed modifications call
for replacement of the particulate scrubber with an electrostatic
precipitator. Each trailer and system configuration were specifically
designed to meet both length and weight requirements for interstate
highways.

ENSCO Environmental Services. ENSCO Environmental Services of Franklin,
Tennessee, a subsidiary of Environmental Systems Company, currently markets
a mobile rotary kiln system, the Modular Waste Processor (MWP-2000). The
company currently operates three of these commercial-scale systems. Each
unit is nominally rated at 35 million Btu per hour.

2-10
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The MW-2000 system is generally considered appropriate for onsite treatment
when the solid waste quantity exceeds 4,000 to 5,000 tons. 50,000 tons is
the maximum practical project size for this size system. A larger project
would dictate a custom-designed system.

Virtually any solid, liquid, slurry or sludge waste stream can be treated.
Oversized debris and drums must be crushed ot shredded to two inches or
less for feeding. Wastes with high bromine, fluorine or phosphorous
content are not accepted.

ENSCO provides complete site services (e.g., excavation, incineration,
residue disposal) or will serve as a subcontractor for incineration
services only.

Winston Technology, Inc. Winston Technology Inc. of Lauderhill, Florida
has two rotary kiln systems constructed. Each unit is rated at 8 million
Btu per -hour and is contained on a single tractor trailer. Winston
Technology is currently awaiting a site to conduct a test burn on this
system.

Winston Technology indicates that it is capable of providing many site
services (e.g., incineration, residue disposal, laboratory analysis). One
service not offered is excavation.

DETOXCO Inc. DETOXCO of Walnut Creek, California offers Mobile Thermal
Destruction Systems (MTD) in various sizes and capacities. These systems
are scaleups of the EPA-ORD developed mobile system.

Acceptable wastes include virtually all combustible wastes, aqueous wastes
contaminated with combustibles, and soils contaminated with combustibles.

A demonstration-scale system capable of treating 3000 1b per hour of soil
has been constructed. Two commercial-scale mobile rotary kiln systems are
under development. DETOXCO indicates that one unit will be nominally rated
at 45 million Btu per hour and at 94 million Btu per hour. All systems are
transportable over the road via tractor trailers.

DETOXCO plans to provide complete site services (e.g., excavation,
incineration, residue disposal) or will serve as a subcontractor for
incineration services only.

More specific information on each of these firms is available in Superfund
Treatment Technologies: A Vendor Inventory (EPA, 1986).
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2.3 LIQUID INJECTION INCINERATION

Process Description

Liquid injection incinerators consist of a refractory-lined combustion
chamber and a series of atomizing devices, usually fluid (i.e., air or
steam) atomized nozzles. These devices introduce waste material into the
combustion chamber in finely divided droplets vigorously mixed with air.
Following combustion, the flue gases are cooled and treated with air
pollution control devices to remove particulates and to absorb acid gases.
Complete combustion requires adequate atomization of the waste in order to
provide for efficient mixing with the oxygen source. Pretreatment, such as
masceration and blending, may be required for wastes that may be difficult
to atomize, vary in heat content, or are not pumpable.

No mobile liquid injection systems dedicated to liquid incineration are
known to be in commercial operation. Liquid injection systems are,
hovever, used extensively in conjunction with mobile rotary kiln systems to
efficiently incinerate liquid wastes. Liquid injection technology is well
proven and is used by the majority of fixed hazardous waste facilities.
Therefore, this technology should be considered viable for mobile
applications, although it is limited to pumpable wastes.

Vaste Types Handled

This process can be applied to almost all pumpable, atomizable organic
vastes. Particular contaminants processed include:

Liquid PCBs,
Halogenated organics,

Non-halogenated organics,

Pesticides,

Pumpable acid and phenolic sludges, and
Dioxins.

© 000 OO0

Restrictive Waste Characteristics

Waste chacteristics that are not suited for liquid injection systems
include:

High inorganic salt content,

High moisture content,

High heavy metal content, and
Nonpumpable sludges, solids and soils.

C ©0 0o

Wastes with high moisture content are not restricted in all cases.
Depending on the waste stream, high moisture content may be beneficial in
reducing system temperature while allowing the same thermal input. 1In all
cases the waste stream must be free of (or pre-processed to remove) solids
which prevent pumping and satisfactory atomization or which fuse at
incineration temperatures and attack (flux) refractory material or
sublime/vaporize to yield a hard-to-collect fume. Wastes that are
reactive, have a very low flash point, and have a substantial, fusable or
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vaporizable ash content may cause operation problems and therefore merit
special review.

Environmental Impacts

Process residuals may include:

o Bottom/fly ash,
o Scrubber liquor, and
o Off-gases.

Depending on the waste, ash may or may not be generated. For instance,
many liquid wastes will generate little or no ash. Disposal methods for
residuals/effluents are presented in Section 241

Commercial Applications

As stated previously, no mobile liquid injection units dedicated to liquid
incineration are in commercial operation. Liquid injection systems are,
however, presently used in conjunction with mobile rotary kiln systems.
ENSCO Environmental Services of Franklin, Tennessee operates a full-scale
mobile rotary kiln system that utilizes liquid injectors in both the
primary (i.e., rotary kiln) and secondary combustion chambers.

2-13
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2.4 FLUIDIZED BED INCINERATION

Process Description E

Fluidized bed incinerators are refractory-lined vessels containing a bed of
graded, inert granular material -- usually silica sand. The heated bed
material is expanded by combustion air forced upward through the bed. As
vaste material is injected radially and mixed with the hot fluidized bed
material, heat is rapidly transferred to the waste feed. When the waste
dries and burns, heat is transferred back to the bed. Excess air
requirements are reduced because of the high degree of turbulence in the
bed which ensures thorough mixing between combustion gases and the waste
feed. Bed depths of fixed commercial scale sized facilities are typically
three feet while at rest and six feet during operation. Bed depths of
mobile systems are considerably less due to equipment size limitations.
Variations in the depth affect both residence time and pressure drop,
resulting in a compromised depth which optimizes residence time and excess
air to ensure complete combustion. Any inorganic materials in the waste
stream are entrapped in the bed which necessitates continuous removal and
make-up of bed material.

Secondary combustion chambers (including the freeboard volume above the
bed) are always used to give additional time for complete combustion.
Off-gas treatment following the secondary reaction chamber is dependent on
the waste feed and may include a wet scrubber, baghouse or electrostatic
precipitator (ESP).

Operating parameters for mobile fluidized bed units are:

Temperature: 1400° - 1800°F
Residence Time: Bed-minutes
Freeboard and secondary combustion
chamber-seconds

Developers have indicated that higher operating temperatures (16000-2400°F)
are possible without causing bed defluidization problenms.

A variation in fluidized bed technology has been applied to waste disposal
and is referred to as circulating bed combustion. Unlike a conventional
fluidized bed which has a fixed bed depth, high velocity air introduced at
the bottom of the refractory-lined combustion chamber transports the bed

H 5 out of the fluidization zone. Subsequently, the eluted solids are captured
and partially returned to the fluidization zone. This results in
entrainment of wastes and subsequent combustion along the entire height of
the combustion section. Complete destruction is reported to be attained at
relatively low temperatures because of this high degree of turbulance.
Secondary combustion chambers are said not to be required because of the
high degree of destruction. O0ff-gases pass through a cyclone which
captures and recycles solids (and perhaps, ground limestone which can be
added for acid gas control) to the combustion zone through a nonmechanical
seal. The combustion gases pass through a heat recovery system and
baghouse filter or other air pollution device prior to discharge to a
stack.
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Operating parameters for mobile circulating bed combustors are:

Temperature: 1400° - 1800°F
Residence Time: Gases - 2 seconds
Solids - minutes to hours

The application of conventional fluidized bed and circulating bed systems
to treat hazardous wastes is based on extensive operating experience for
coal, refinery sludge, paper mill sludge and sewage sludge combustion. To
date, most fluidized bed and circulating bed systems handling hazardous
wastes are fixed facilities. There is, however, a mobile,
demonstration-scale fluidized bed system operating as well as a mobile,
circulating bed combustor under design. Though their use in hazardous
waste incineration is limited, the potential applications of fluidized and
circulating bed systems for mobile units is promising.

Process diagrams of typical fluidized and circulating bed systems are
presented in Figures 2.2 and 2.3, respectively.

Waste Type Handled

Applicable wastes include organic solids, sludges, slurries and liquids.
Particular wastes that may be processed include:

Contaminated soil,
Halogenated organics,
Non-halogenated organics,
-PCBs,

Pharmaceutical wastes, and
Phenolic wastes.

0 000 O0Oo

Restrictive Waste Characteristics

Vaste characteristics that are not suited for fluidized bed systems
include:

o Oversized pieces of waste that cannot be shredded to less than
one inch in size for circulating bed combustors and less than
three inches for fluidized bed combustors,

o High sodium content which can cause degradation of the refractory
and slagging of the ash,

o High heavy metal content which can result in volatilization of the
metals and unacceptable emission levels, and

o Low-melting point constituents (<1600°F) that may cause operational
difficulties.

Pretreatment such as grinding and size reduction is particularly important
in order to provide a uniform character/size feed and conditions such that
solids removal from the bed is possible.
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Environmental Impacts

Process residuals may include:

o Bottom fly ash,
o Scrubber liquor, and
o Off-gases.

Disposal methods for residuals/effluents are presented in Section 2.1.
Costs

Capital costs of mobile fluidized and circulating bed systems will vary
depending upon the system design and size. Operating costs are comprised
principally of labor, utilities, equipment mobilization, decontamination,
and demobilization, waste pretreatment and site preparation. These costs
will vary widely depending on the waste being destroyed. Hazardous waste
treatment costs for mobile fluidized bed systems are reported to range from
$600 to $1500 per ton. Treatment costs for mobile circulating bed systems
have been reported to be over $250 per ton.

Commercial Applications

Relatively few companies are currently applying fluidized and circulating
bed technologies as mobile systems to treat hazardous waste. The two most
active firms developing these technologies for hazardous waste treatment
are Waste-Tech Services Inc. and GA Technologies Inc.

Waste-Tech Services Inc. Waste-Tech Services of Lakewood, Colorado
operates a demonstration-scale mobile fluidized bed system. The complete
system is comprised of a fluidized bed, secondary reaction chamber (SRC)
and an off-gas treatment system. The mobile system can handle organic
solids, liquids, sludges and soil. Wastes with high sodium and heavy metal
content are restricted as are wastes containing fluorinated compounds.
Solids must be shredded to less than three inches in size.

Larger scale mobile units are under development. Thermal capacities of
these systems will range from 20 to 40 million Btu per hour. Construction
will occur only when service contracts are signed.

Additional technical information is available in the Superfund Treatment
Technologies: A Vendor Inventory (EPA, 1986).

GA Technologies Inc. GA Technologies of San Diego, California is presently
designing a mobile circulating bed combustor (CBC) with an internal
diameter of three feet. The system will consist of a series of
interconnected modular units. The modular units contain both the plant
components as well as the structural support members.

The proposed system has a thermal capacity of nine million Btu per hour.

It will be designed to process approximately five tons per hour of soil and
approximately 600 1lbs p